Identification of angiogenin as the osteoclastic bone resorption-inhibitory factor in bovine milk.
We identified, for the first time, the factor responsible for inhibiting osteoclast-mediated bone resorption in the basic protein fraction of bovine milk (milk basic protein, MBP). The protein was purified by a combination of ion and gel column chromatography from MBP, based on its activity to prevent unfractionated rabbit bone cells from forming pits on dentine slices. It was found to have a molecular weight of 15 kDa on SDS-PAGE, and the sequence of the N-terminal 25 amino acid residues was identical to that of bovine angiogenin. The purified bovine angiogenin inhibited the pit-forming activity of both unfractionated bone cells and purified osteoclasts in a dose-dependent manner, and the inhibitory activity was markedly suppressed by treatment with anti-bovine angiogenin antibody. The inhibitory activity was confirmed in mice both in vitro and in vivo. Treatment of osteoclasts with bovine angiogenin resulted in an impairment of the formation F-actin ring and a reduction in the mRNA levels of TRAP and cathepsin K, both known to be essential for the bone resorption activity of osteoclasts. These results suggest that bovine angiogenin is the substance mainly responsible for the inhibitory effect of bovine milk on osteoclast-mediated bone resorption, and that it exerts its activity by acting directly on the osteoclasts.